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012.08.00Abstract Aim of the work: To identify the frequency of shrinking lung syndrome (SLS) in sys-
temic lupus erythematosus (SLE) with dyspnea and study the clinical characteristics and differences
in disease activity and damage.
Patients and methods: The study included 47 SLE patients complaining of dyspnea. SLS was
considered in those with exertional dyspnea, restrictive pulmonary function tests (PFTs) and ele-
vated copula of the diaphragm. Full history taking, thorough clinical examination, laboratory
and relevant radiological investigations were performed for all the patients. Systemic Lupus Erythe-
matosus Disease Activity Index (SLEDAI) and Systemic Lupus International Collaborating Clinics
(SLICC) indices were compared. High resolution CT chest was performed for patients with radio-
logical ﬁndings consistent with SLS.
Results: The mean age of the patients was 29.43 ± 7.45 years, mean disease duration
5.18 ± 3.62 years. The SLS was present in 8 patients (17.02%). There was bilateral elevation of
the diaphragm copulae in 25% of SLS patients and two had associated basal atelectatic bands.
The serum uric acid was signiﬁcantly higher in those with SLS while the 24 h urine protein was sig-
niﬁcantly lower and C4 normalized. The levels of SLEDAI and SLICC tended to be lower in those
with SLS, yet there was no signiﬁcant difference from those without. The demographic features,
clinical and laboratory manifestations, disease activity and damage scores, PFTs and radiological
ﬁndings of the SLE patients are presented.
Conclusion: In SLE patients with dyspnea, SLS should be looked for as it is present in a high
proportion of cases.
 2012 Egyptian Society for Joint Diseases and Arthritis. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.01805126.
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31. Introduction
Systemic lupus erythematosus is an autoimmune systemic
disease that commonly affects the respiratory system [1].
In spite of being frequent, the diagnosis may be difﬁcult be-
cause of the diversity of anatomical and clinical presenta-uction and hosting by Elsevier B.V. Open access under CC BY-NC-ND license.
180 T.A. Gheita et al.tions. Proper diagnosis is important as new immunosuppres-
sive drugs have considerably improved the prognosis [2]. At
some time during their course, most patients with SLE show
signs of involvement of the lung, its vasculature, the pleura,
and/or the diaphragm [3]. Pleurisy, coughing, and/or dysp-
nea are often the ﬁrst clues either to lung involvement or
to SLE itself [4].
The respiratory system is commonly compromised in SLE.
The most prevalent presentation includes pleuritis. Other infre-
quent manifestations include interstitial lung disease (ILD),
acute lupus pneumonitis, diffuse alveolar hemorrhage, pul-
monary arterial hypertension, acute reversible hypoxemia
and shrinking lung syndrome (SLS). As survival in lupus pa-
tients has improved over years, avoiding pulmonary damage
emerges as a crucial aim [5]. Respiratory complications of
SLE are relatively common as the initial manifestation and
>50% have pulmonary involvement at some stage of disease
progression [6,7].
In SLE patients, dyspnea is common, frequently disabling
and associated with a history of lupus involvement of the lung
[4]. As it is a complex systemic disease, patients can manifest
dyspnea for primary causes due to SLE itself or secondary to
concomitant complications [8].
Shrinking lung syndrome is a rare respiratory complica-
tion associated with SLE. Patients present with dyspnea
alone or associated with chest pain, lung volume reduction
with no parenchymal abnormalities and a restrictive ventila-
tory defect on pulmonary function tests. The pathogenesis,
treatment, and prognosis of SLS remain controversial.
[1,9]. It has also been reported as a rare complication of sys-
temic autoimmune diseases including SLE, Sjo¨gren’s syn-
drome and polymyositis. Shrinking lung syndrome should
be suspected in any patient with an autoimmune disease pre-
senting with unexplained dyspnea. [10]. It is characterized by
the dysfunction of respiratory muscles, especially the dia-
phragm, resulting in dyspnea [6]. Respiratory function tests
demonstrate severe restrictive ventilatory impairment. Chest
X-ray demonstrates elevated hemi diaphragms and com-
puted tomography (CT) shows no evidence of interstitial
ﬁbrosis, signiﬁcant pleural disease or pulmonary emboli
[11,12].
Shrinking lung syndrome may cause signiﬁcant morbidity
and occasionally mortality. Its cause remains controversial
and could be attributed to diaphragmatic weakness or to chest
wall restriction. No deﬁnitive therapy exists; however, cortico-
steroids lessen symptoms and improve pulmonary function in
some patients. [13–15]. Other hypotheses include diaphrag-
matic paralysis secondary to phrenic nerve injury [10,16], dif-
fuse diaphragm ﬁbrosis [17] and limited chest wall expansion
[18]. Imaging reveals the absence of any signiﬁcant parenchy-
mal disease [19]. Pleuritic inﬂammation and pain may have
an important role in the pathogenesis of SLS [10]. A possible
mechanism linking pleural inﬂammation and diaphragm dys-
function may be via a reﬂex inhibition of diaphragmatic acti-
vation [20]. SLS is a cause of pulmonary damage [21] and
corticosteroids are the most common method of treatment
with a generally good prognosis [11].
The aim of the present study was to detect the frequency of
SLS in SLE patients with dyspnea and study their clinical, lab-
oratory and radiological characteristics and differences in dis-
ease activity and damage.2. Patients and methods
The study included 47 SLE patients fulﬁlling the updated ACR
revised criteria for the classiﬁcation of SLE [22]. The patients
were attending the Rheumatology and Internal medicine out-
patient Clinics of the Cairo University Hospitals. The patients
were grouped according to the presence or absence of shrink-
ing lung syndrome (SLS). All patients had symptomatic pul-
monary manifestation in the form of dyspnea. Shrinking
lung syndrome was considered in those with exertional dysp-
nea, restrictive pattern of the pulmonary function tests and ele-
vated copula of the diaphragm on one or both sides. Full
history taking, thorough clinical examination, laboratory and
relevant radiological investigations were performed for all
the patients. High resolution CT chest was performed for pa-
tients with radiological ﬁndings consistent with SLS. Disease
activity was assessed using the Systemic Lupus Erythematosus
Disease Activity Index (SLEDAI) [23] while assessment of or-
gan damage was made using the Systemic Lupus International
Collaborating Clinics/ACR (SLICC/ACR) index [24]. The
study was approved by the local ethics committee and it con-
forms to the standards currently applied in the Cairo Univer-
sity Teaching Hospitals. All patients gave their informed
consent prior to their inclusion in the study.
Statistics: Analysis of data was performed with a statistical
package for the social sciences (SPSS) version 15. Data were
presented as mean ± standard deviation and percentage, med-
ian (min.–max.). Mann–Whitney test was used for the analysis
of two non parametric quantitative data. Correlation was per-
formed by the Spearman correlation coefﬁcient. p value was
considered signiﬁcant if <0.05.
3. Results
The 47 female SLE patients had a mean age of
29.43 ± 7.45 years [27(18–50)] and disease duration of
5.18 ± 3.62 years [5 (0.25–17)]. Shrinking lung syndrome
(SLS) was present in 8 patients (17.02%). The demographic,
clinical and laboratory features, disease activity and damage
scores of the SLE patients with and without SLS are shown
in Table 1. All patients were receiving corticosteroids at a
mean dose of 17.22 ± 11.09 mg/day. Twenty-one patients
were also receiving azathioprine, 24 hydroxychloroquine, 9
cyclophosphamide and 3 mycophenolate moﬁtil. Those with
SLS and 2 without were receiving theophylline tablets
(150 mg/day) for their respiratory manifestations. The mean
steroid dose received by the patients with and without SLS
was insigniﬁcantly different (23.33 ± 14.72 and
16.25 ± 10.33 mg/day respectively, p 0.3).
Dyspnea was present in all the studied SLE patients. In
addition to SLS, other causes of dyspnea included pleurisy in
41, airway obstruction in 2, mild interstitial lung disease with
minimal pleural effusion in 3, upper airway disease in 2 and
respiratory muscle disease in 5. Two patients were asthmatic,
while none had chest infection, pulmonary thromboembolism,
pneumonitis or any concomitant complication that may cause
dyspnea. Plain X-ray and CT of SLS patients are shown in
Figs. 1 and 2. The pulmonary function test results of the 8 pa-
tients with SLS were as follows: Forced Vital Capacity (FVC):
3.01 ± 0.43 L with a percentage predicted of 77.49 ± 7.1;
Table 1 Demographic features, disease activity, damage index, clinical manifestations and laboratory investigations of the SLE
patients with and without SLS.
SLS (8) Without SLS (39) P value
Demographic features (mean ± SD)
Age (years) 30 ± 7.72 29.34 ± 7.51 0.85
Disease duration (years) 7.33 ± 5.68 4.87 ± 3.2 0.34
BMI 26.5 ± 3.15 26.56 ± 3.58 0.97
Disease activity and damage
SLEDAI 6.67 ± 3.56 8.76 ± 6.63 0.27
SLICC 1.67 ± 1.03 1.71 ± 1.62 0.94







Antiphospholipid syndrome 1(12.5) 11(28.2)
Sjo¨gren syndrome 1(12.5) 6(12.8)
Fibromyalgia syndrome 3(37.5) 10(25.6)
Laboratory investigations
ESR 1st hour (mmHg) 69.33 ± 30.11 48.63 ± 27.9 0.16
Hemoglobin (g%) 10.02 ± 2.07 10.81 ± 2.22 0.42
WBCs (x103/mm3) 5.32 ± 2.1 6.53 ± 3.23 0.26
Platelets (x103/mm3) 276.33 ± 153.9 285.71 ± 99.6 0.89
Creatinine (mg/dl) 0.65 ± 0.48 0.63 ± 0.36 0.92
Urine protein (g/24 h) 0.26*±0.21 0.56 ± 0.58 0.02
Uric acid (mg/dl) 5.88*±1.36 4.23 ± 1.16 0.03
AST (U/L) 30.83 ± 26.3 32.93 ± 20.3 0.86
ALT (U/L) 32.2 ± 34.2 24.5 ± 15.8 0.61
Alk. PO4ase (IU/L) 50.4*±20.7 81.43 ± 37.9 0.02
C3 (mg/dl) 0.7 ± 0.22 0.89 ± 0.46 0.12
C4 (mg/dl) 0.99*±0.1 0.24 ± 0.14 0.02
ANA No.(%) 8(100) 36(92.3)
Anti-dsDNA No.(%) 6(75) 27(69.2)
BMI: Body mass index, SLEDAI: Systemic Lupus Erythematosus Disease activity Index, SLICC: Systemic Lupus International Collaborating
Clinics. ESR: Erythrocyte sedimentation rate, Alk. PO4ase: Alkaline phosphatase, A/G: Albumin globulin ratio, C: complement, ANA:
Antinuclear antibody, ds DNA: double stranded DNA.
* Signiﬁcantly different from corresponding values at p< 0.05.
Figure 1 Plain X-ray chest (PA view) of a female SLE patient
with SLS showing bilateral elevated copula with right basal
atelectatic bands.
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0.39 L with a percentage predicted of 78.97 ± 9.51 and the
FEV1/FVC 97.78 ± 10.28%.
The HRCT of the 8 SLS patients was free of any parenchy-
mal disease. There was bilateral elevation of the diaphragm
copulae in 2 (25%) of SLS patients while the rest had elevation
of the right copula. Two patients had associated basal atelec-
tatic bands; otherwise the lung ﬁelds were clear. In SLE pa-
tients without SLS there was associated pulmonary
parenchymal disease seen on radiology in the form of minimal
pleural effusion and mild ILD in 3.
4. Discussion
Although respiratory manifestations of SLE are frequent, SLS
represents a rare complication and its pathogenesis and ther-
apy remain controversial, however it must be considered in a
patient with autoimmune disease and dyspnea. [25–27].
In the present study, SLS was present in 17.02% of SLE
cases. In 2 SLS patients, the copula was bilaterally elevated.
Figure 2 CT chest of a patient with SLS showing elevated right
hemi diaphragm and free pulmonary parenchyma.
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condition classically described in SLE patients [28] and is sel-
dom seen in other diseases [29]. Despite being rare, SLS must
be considered when SLE patients present by dyspnea without
heart insufﬁciency, anemia or diseases of the lung parenchyma
[30] A case report with SLS showed bilateral involvement with
reduced lung volumes [16]. In a Japanese SLE patient with
SLS, bilateral elevated diaphragms, clear lung ﬁelds with a
restrictive defect of PFT were present. Relation to lupus
ﬂare-up was suggested by the elevated ESR, leucopenia and
elevated anti-DNA titer [31]. In a report on three female
SLE cases with SLS, dyspnea and chest pain were present with
bilateral elevation of the diaphragm in two and a severe restric-
tive defect of the PFTs. However, the onset of pulmonary
manifestations occurred in the absence of a lupus ﬂare [32].
In SLE, the prevalence of SLS has been reported to be as
low as (1.77%) [21] and as high as 23%. It is noteworthy that
the published data on this condition are small in amount and it
is seldom seen in clinical practice [13]. A study on SLE patients
reported respiratory symptoms in 63% with 10% meeting the
deﬁnition for SLS [33] being 9.1% in another study [34].
In 87.23% of the SLE patients, dyspnea was due to pleu-
risy. The SLE clinical manifestations were comparable be-
tween those with and without SLS. The lung ﬁelds were clear
except for two SLS patients with an atelectatic band. Other
case reports on SLS found that these patients also presented
with arthritis, autoimmune hepatitis and polyserositis and
their chest xray showed elevated hemi-diaphragms and atelec-
tasis at both lung bases. The CT imaging revealed profound
low lung volumes with compressive atelectasis and no evidence
of ILD [25,35,36]. In a previous study, SLS was present in a
considerable subset of SLE patients (13.5%) in which serositis
was present in 50% [37]. The current patients all had dyspnea
which could explain the increased frequency of SLS compared
to the earlier work that also included SLE cases without dysp-
nea. In SLE patients with dyspnea or chest pain, SLS should
be looked for and PFTs are highly suggestive [37]. It has been
stated that respiratory symptoms, abnormal lung function,
and SLS are common in SLE. Clinicians should consider eval-
uation of SLS among symptomatic patients with long-standing
disease and a history of pleuritis [33].In the present study, the 24 h urine protein and alkaline
phosphatase were signiﬁcantly lower and the C4 level signif-
icantly normalized in SLE patients with SLS. Normal kidney
function tests have been reported in SLS patients [38]. These
favorable laboratory results support the lower disease activ-
ity and damage found in this subset of SLE patients. This
may further throw light on the reported good prognosis of
SLS cases and the favorable outcome [11]. Long-term prog-
nosis is good although respiratory failure can occur in some
cases [10]. The serum uric acid was signiﬁcantly higher in
SLE patients with SLS. There is no obvious explanation
other than the use of theophylline by all SLS patients and
2 other SLE cases. Theophylline is known to increase the
serum uric acid level. It has been reported that theophylline
increased the plasma concentrations of purine bases includ-
ing uric acid without a decreased urinary excretion in nor-
mal subjects [39]. In the present study, the anti-ds DNA
was comparable between those with and without SLS. It
has been reported that respiratory dysfunction appears to
be independent of the clinical course, duration and lupus
antibodies (ANA and anti-DNA) [35].
Restoring a near-normal lung function is an achievable goal
in SLS [40]. However, it may cause severe functional pulmon-
ary abnormalities and must be treated promptly and aggres-
sively in order to, at least, stabilize PFTs [1]. Prognosis is
generally good and most patients improve on increasing the
dose of steroids aimed at the subclinical respiratory myositis-
like process [35].
In conclusion, in SLE patients with dyspnea, SLS should be
looked for as it is present in a high proportion of cases. A lon-
gitudinal study on a larger scale of patients is recommended to
conﬁrm the ﬁndings and properly assess the outcome of this
subset and response to treatment strategies.Conﬂict of interest
The authors have no conﬂict of interest.References
[1] Calderaro DC, Ferreira GA. Presentation and prognosis of
shrinking lung syndrome in systemic lupus erythematosus: report
of four cases. Rheumatol Int 2012;32(5):1391–6.
[2] Carmier D, Marchand-Adam S, Diot P, Diot E. Respiratory
involvement in systemic lupus erythematosus. Rev Mal Respir
2008;10:1289–303.
[3] Kim JS, Lee KS, Koh EM, Kim SY, Chung MP, Han J. Thoracic
involvement of systemic lupus erythematosus: clinical, pathologic,
and radiologic ﬁndings. J Comput Assist Tomogr 2000;24:9.
[4] Hellman DB, Kirsch CM, Whiting-O’Keefe Q, Simonson J,
Schiller NB, Petri M, et al. Dyspnea in ambulatory patients with
SLE: prevalence, severity, and correlation with incremental
exercise testing. J Rheumatol 1995;22:455.
[5] Pego-Reigosa JM, Medeiros DA, Isenberg DA. Respiratory
manifestations of systemic lupus erythematosus: old and new
concepts. Best Pract Res Clin Rheumatol 2009;23:469–80.
[6] Karim MY, Miranda LC, Tench CM, Gordon PA, D’cruz DP,
Khamashta MA, et al. Presentation and prognosis of the shrink-
ing lung syndrome in systemic lupus erythematosus. Semin
Arthritis Rheum 2002;31:289–98.
[7] de Santis M, Martins V, Moita J. Shrinking lung syndrome: case
report and literature review. Rev Port Pneumol 2010;6:687–91.
Shrinking lung syndrome in systemic lupus erythematosus patients with dyspnea 183[8] Taverner D, Go´mez-Puerta JA. Dyspnea in a patient with
systemic lupus erythematosus. Reumatol Clin 2009;5(2):88–91.
[9] Cavallasca JA, Dubinsky D, Nasswetter GG. Shrinking lungs
syndrome, a rare manifestation of systemic lupus erythematosus.
Int J Clin Pract 2006;60:1683–6.
[10] Carmier D, Diot E, Diot P. Shrinking lung syndrome: recognition,
pathophysiology and therapeutic strategy. Expert Rev Respir
Med 2011;5(1):33–9.
[11] Singh R, Huang W, Menon Y. Espinoza LR Shrinking lung
syndrome in systemic lupus erythematosus and Sjogren’s syn-
drome. J Clin Rheumatol 2002;8:340–5.
[12] Benham H, Garske L, Vecchio P, Eckert BW. Successful treat-
ment of shrinking lung syndrome with rituximab in a patient with
systemic lupus erythematosus. J Clin Rheumatol 2010;16:68–70.
[13] Warrington KJ, Moder KG, Brutinel WM. The shrinking lungs
syndrome in systemic lupus erythematosus. Mayo Clin Proc
2000;75:467–72.
[14] Scire‘ CA, Caporali R, Zanierato M, Mojoli F, Braschi A,
Montecucco C. Shrinking lung syndrome in systemic sclerosis.
Arthritis Rheum 2003;48:2996–3000.
[15] Jacobelli S, Moreno R, Massardo L, Rivero S, Lisboa C.
Inspiratory muscle dysfunction and unexplained dyspnea in
systemic lupus erythematosus. Arthritis Rheum 1985;28:781–8.
[16] Hardy K, Herry I, Attali V, Cadranel J, Similowski T. Bilateral
phrenic paralysis in a patient with systemic lupus erythematosus.
Chest 2001;119:1274–7.
[17] Rubin LA, Urowitz MB. Shrinking lung syndrome in SLE––a
clinical pathologic study. J Rheumatol 1983;10:973–6.
[18] Laroche CM, Mulvey DA, Hawkins PN, Walport MJ, Strickland
B, Moxham J, et al. Diaphragm strength in the shrinking lung
syndrome of systemic lupus erythematosus. Q J Med 1989;71:
429–39.
[19] Ernest D, Leung A. Ventilatory failure in shrinking lung
syndrome is associated with reduced chest compliance. Intern
Med J 2010;40:66–8.
[20] Toya SP, Tzelepis GE. Association of the shrinking lung
syndrome in systemic lupus erythematosus with pleurisy: a
systematic review. Semin Arthritis Rheum 2009;39:30–7.
[21] Bertoli AM, Vila´ LM, Apte M, Fessler BJ, Bastian HM, Reveille
JD, et al. Systemic lupus erythematosus in a multiethnic US
Cohort LUMINA XLVIII: factors predictive of pulmonary
damage. Lupus 2007;16:410–7.
[22] Hochberg MC. Updating the American College of Rheumatology
revised criteria for the classiﬁcation of systemic lupus erythema-
tosus [letter]. Arthritis Rheum 1997;40:1725.
[23] Bombardier C, Gladman D, Urowitz M, Caron D, Chang C.
Derivation of the SLEDAI. A disease activity index for lupus
patients. The Committee on Prognosis Studies in SLE. Arthritis
Rheum 1992;35:630–40.
[24] Gladman D, Ginzler E, Goldsmith C, Fortin P, Liang M, Urowitz
M, et al. The development and initial validation of the Systemic
Lupus International Collaborating Clinics/American College of
Rheumatology damage index for systemic lupus erythematosus.
Arthritis Rheum 1996;39:363–9.[25] Ferguson PJ, Weinberger M. Shrinking lung syndrome in a 14-
year-old boy with systemic lupus erythematosus. Pediatr Pulmon-
ol 2006;41:194–7.
[26] Oud KT, Bresser P, ten Berge RJ, Jonkers RE. The shrinking lung
syndrome in systemic lupus erythematosus: improvement with
corticosteroid therapy. Lupus 2005;14:959–63.
[27] Branger S, Schleinitz N, Gayet S, Veit V, Kaplanski G, Badier M,
et al. Shrinking lung syndrome and systemic auto-immune
disease. Rev Med Interne 2004;25:83–90.
[28] Warrington KJ, Moder KG, Brutinel WM. The shrinking lungs
syndrome in systemic lupus erythematosus. Mayo Clin Proc
2000;75:467–72.
[29] Tavoni A, Vitali C, Cirigliano G, Frigelli S, Stampacchia G,
Bombardieri S. Shrinking lung in primary Sjogren’s syndrome.
Arthritis Rheum 2001;44:243–5.
[30] Costa CA, de Castro DO, Jezler S, Santiago M. Shrinking lung
syndrome in systemic lupus erythematosus. J Bras Pneumol
2004;30(3):261–3.
[31] Kitamura Y, Okano Y. A case of the ‘‘shrinking lung syndrome’’
in SLE–improvement with corticosteroid therapy. Nihon Rinsho
Meneki Gakkai Kaishi 1996;19:217–22.
[32] Soubrier M, Dubost JJ, Piette JC, Urosevic Z, Rami S, Oualid T,
et al. Shrinking lung syndrome in systemic lupus erythematosus. A
report of three cases. Rev Rheum Engl Ed 1995;62:395–8.
[33] Allen D, Fischer A, Bshouty Z, Robinson D, Peschken C, Hitchon
C, et al. Evaluating systemic lupus erythematosus patients for lung
involvement. Lupus 2012 [Epub ahead of print].
[34] Martusewicz-Boros M, Wiatr E, Podziszewska M, Gawryluk D,
Opoka L, Zaeska J. Lung involvement in systemic lupus erythe-
matosus (SLE)–own experience. Pneumonol Alergol Pol
2002;70:12–24.
[35] Jeanmenne T, Singh NK, Pick M. Shrinking lung syndrome. BMJ
Case Rep 2009;2009, pii: bcr08.2008.0825.
[36] Al-Raqum HA, Uppal SS, Al-Mutairy M, Kumari R. Shrinking
lung syndrome as a presenting manifestation of systemic
lupus erythematosus in a female Kuwaiti. Clin Rheumatol
2006;25:412–4.
[37] Gheita TA, Azkalany GS, El-Fishawy HS, Nour Eldin AM.
Shrinking lung syndrome in systemic lupus erythematosus
patients; clinical characteristics, disease activity and damage. Int
J Rheum Dis 2011;14(4):361–8.
[38] Vilaplana-Garcı´a R, Trujillo-Santos AJ, Vera-Me´ndez FJ.
Shrinking lung syndrome: a rare manifestation of systemic
lupus erythematosus. Arch Bronconeumol 2008;44(6):341–2.
[39] Yamamoto T, Moriwaki Y, Suda M, Takahashi S, Hiroishi K,
Higashino K. Theophylline-induced increase in plasma uric acid–
purine catabolism increased by theophylline. Int J Clin Pharmacol
Ther Toxicol 1991;29(7):257–61.
[40] Langenskio¨ld E, Bonetti A, Fitting JW, Heinzer R, Dudler J,
Spertini F, et al. Shrinking lung syndrome successfully treated
with rituximab and cyclophosphamide. Respiration 2012 [Epub
ahead of print].
